Superconductivity

Page 1 of 23

Supevconduiviky

®©

We Rnow xlhok wham Lemperatyre
% a Condueh’ A dacveased  trom
MR Yesistanie dacrenses Livarrly
dcovdiny to ke yelati o

R: Ro (\‘\'D(‘t) -"’@
whese Ry = vesivtne at 07

R= foistangatr 1°c

= XembPorvarute caekf of Tuibtunce
“This 1y +Vve o metals .
That if temp. i 1N(Fe08ed Ao

TAAtEN e of Condutr wiil odso
Lncrease arnd vice Vesd@ .

ven fied W‘a
Onnes! 4or mescusy (RG):

ob%es\Iryg U resA bance -

Ot the kemp. is exprage a alos ohmte
unike (K) thom alpve efuation betamy
a bkrw‘gu: AnL paig g ﬂ\rwﬂL ort i
Lpe R=R¥T —®
P Covdingy sestbtane of @ Condustor
will become Zew0 ony ok alewll
2ew ((thet O Kauim).
s broberty wsad beirg

AuentAt (Kamuﬁg‘\

Chapter Videos

t.ly/sdalf

He was decreasing temp. of Ha ool

t.ly/nxhp

Then he  plogted graph
betfwun vesistance of HY aot
bttt tewp.
As expected, the grofn wad
ad ity eutva poloion
wad hinkrg  thot graph will
Pous thesugh ovigtn.

However, Susbnsingy ok

temb. 413K (N U-RK), the
sesihkance o Hy suddenty becane
3ew as Shown An $49- 1 .

Ly

Fig L Vasiokion ot Ressstanee (R) oY
vv,:gh'v'd%(g) with tewmp. tor M3
He Called Hhon plrenomenenL
o Supes wrdxu}:\'\/ﬁg_'.’
Deg'nitvon a— The Aok o sesrdtance
by Cestasn moteriadd Wham oled
belsws & bpecific temp. iy cartral
Supescondmh d iy and wokenald

Lheung Hin prdbesty ave
Lupercendiietors -

K Y erATe bessmed ze0 00
callsd ¢ g ats ol £ esp-

For P, Te =TT

costiot 4emp (T ok tgorge O
Thae  wnini iy Emmm
Aemp. Fo vakith Modud
a medeyral oualdiny
TMust be [o’,; 419K

Cectad A0 Aok —T(K) —

Fox Hy o Te = 418K = HeaK v

0bSeNatsgn -~ Tr63d Cordhuntor 8 ave mo
SGov A Qupercondnbrs => phy 7

ou«{g Ky £ Pk, wiNh
O oMer Jup 07 @ndinfi]
Ars: Pl (Iu.nwﬂd\~
8?7 outr & P, WO
' obd%.ﬁr%w
Argz - %

—
—




Superconductivity

Today we oy Super condumttrs £ Luhich T MQ%@
A5 [ B5K, TRope ase calind Nﬁﬂws‘{ukr cordttus .

Tre mariade qre Al GO => Gasrels Ln

Sisod Condumtws are ret gosd Guhescorolundsrs -
ONn What fowtws T dapord <
Anss- 9t daperds o Vature ot Watesdal 7
- 200
Isptpic b= g hay twn iehopes  Ha o, Hg
o o= gk cos frTmere abudant Botobe (g "8)

0

It was ohsevvad that T of Ham wad Avralley Aloue @

T o py'
Utre vawation of Yo Aur digferent thetopes of g.';—a&
elowonk n cadal ﬂ%ﬁ(‘h{:)"c %’(’“ﬁ'y
I wad eupervravdally {ound Ahat 4 My, M 7R s
o hun Lteps of a Sirgl elowod € Tc, Tey ave Aoy
(rhod demperatures ¥ edpediedy  Homs AT
Ter{M, = Teat{ My \ PV z coralt-
Ingoerat  Tedm = Grstt

= TC"C,Tr"m)”@

¢ The (yvzHed tamp of o~ pwmont in peVerarly @
proPshiognad ko 2quase st ot L14 LhOtvhic NS

But rtepic ffet has givess bhwicests co pand do UrdarSard

Ao seaton D7 caure of FuperiordntNaty because i3 vfepic Al
An alto oheged by Debyels temp. (™) ie. Tpa
st befure %upcr,c[\arw-uﬂv%

A o cod e
M lattrce Vibyabion

Page 2 of 23

Chapter Videos

t.ly/sdalf

tly/nxhp



Superconductivity Page 3 of 23

Srtvveltim o T £ Tp  ells Wb that one (7))
prsible reasen vy SupestomolnsiValy  crudd be
Lithice Nibsatin. And b Later on Aurnsd ouk
be Arue. The fwmew theoy of Sufcrtorodudy Loas
BCSs traggr. frd Ahwe 8cierisis Barden ,Covper,
Sheither got 70ble  prive o deir Wak on
Suptycordudhivdy - TIU  clede Hrin ey £ 1068
R UC (el e Nolainsry Warwrwuﬁwg«.

cllet of Tnagretic tetd  on Buper usno(;w('\'vfg-'.-

undur cdske n ad ﬁ‘ag. Ad H gQW]IDZZ_
: A Fw:\;(f 5 M—fZaMTc (é’lf‘zlﬁ
Lot e Quper caronter A4 2

/{
qm i
Bud i 00 olkerved Aok woithoud

ANCr mbx’r\a derp e wan dusky %7;{:_'3_ KN .
"S\m{onwr\o(mﬁ\(% ba a{abxﬁurg’ j le=TaK

e YWhey ral WM’C £
“Minimumn amount ok retic ek Hot wuf:fb&
Pl & cr otk e5 Cordunch'rg yrokrad Lo sty 1
Q*Awmwa;fj;b A caldad :a*(\-h'co& -YYW*aY\-UHC e CHC)

9 in further obaerved Ahot A we Fae A Sampls (D
tHY onw ot femp 3K 4 offer af QK (ot TPt
both dearup e & raller ?’_LQMTQ(‘L/'&K)), 9_3#&‘82_0’ ﬂvgfwﬁc
Tt woas vepuiied 45 Susky & upercovobitNAfy F Samphl
e &K Hom Rample ot IK. Thus vrax exfrrat fredsl
S THuwr el ok odetelut, Zn 1 a g'I'VQ'V\ Barnfde.
Conclupyons— Qv kAcek oo grad He e a gh'Vem YnaJ(anaL
L a funchion of femp. arel Ik il Slereak as T will

ANy cahe o s He -_-__'6-(”‘[’)
He =vyrax }M’\M'\T:'OK

He = © (‘m.’m) W T > T

Chapter Videos

O] 10|

t.ly/sdalf

t.ly/nxhp



Superconductivity Page 4 of 23

Experimardtlly  He wag pletfed ob furdim ot T
T L onrd, Vaviahon & He V& T
fet™ for Hy 4 most o offer

Taktrals wWas o pasabelic

T Wive ag ghpum v te
ok —T— {7 gure.

EmPin'udthd selation bebwenm He & T (oas {vurd Ao be a2

follsws ¢ \ Ho (T = H Co)[ ,__I/’*@

wheve

Coichi cal Gasret (Tc) t— we Rvow That zumwm(mfwig @
Car be cubtroyed by mogmahc Herd
We  also Rrow Aot W wiryedt pased thul
oL Wire/ cordutr A ot roclu el U own refic el
4 g (Oe:;zplﬁ e wper rramt)
Sloun A4 1 exfrod fUd L2 appled ) TPy
urrent  passiry thavgh orobuadoy W U prcluc@ y7og .
e AR wrrent £ (D@, {1kl allgo AmCrases -
A ,B'h-‘gt Wil ¥ carh_ CA}L‘*N\ "@ILM }‘)mg,buu(.a/ Are fo W rrod-

Wi hecorre. egpral £o Cyib ol fiN He ol gwpumug
?,Afaotu\-f%(,-

The  Wsfenr ‘Mﬂv‘ra H\m% W .
’HN” Stuge i "‘Ukw( Cb’PﬁC&l wrred { Ie).
" The mmmumwwt Wn be passed Hhavgin o B upes ot

Iy vt s MW’? H Wrwmm\/;*a. o calind e iidaod

Cury et o

UThe  mniminium wrront Aot 7wumst be  [patsed Hoawgl
o % uper condutr X‘bd/wét' daustry Quper (_mr\o(,wﬁ\/»%ﬁ
i e (ntrd cyvreat”

Chapter Videos

t.ly/sdalf

t.ry/nxhbs



Superconductivity Page 5 of 23

Expressim fwr To 3 Silsbee’s falet—

Lt L= vaolng of Wrire '/.ﬁ.ﬁgﬂ

T = wusvremt b%’a’”‘ﬂw/\ w,m' f . 8,4
L[] a Y0
VI N

B= vrog indudtion Fre trg

s wrog. flux densdy Mg«,moﬁwim uter Lenpr
TRe el @ WY oo Uruday Leofas a((m’o(l”afo
IQHTR e meve on Ahin U‘u/b n e Same Qormse

%MMC@/IM B0 Aot ol b/w Q_)<f;¢e £ Zom | |

~ (_),,mn‘\a szuff'a(ce
€ Jeypuakore oharp bba Loofp o (317 S0 sl = 1)

By aqm]oc&efé s vadzed Loy

O be urrwo
&B_)O{T"‘ /(MI H(&;Tﬁj:l.
b Hez el o
§ BdLass = I [ - By dpirie
R (A% = bl D ANk < Amp Ry
= B @)l —O | = I I < &mhHe (W)
I{"“ - Te —yrex al»(cum!w”uf

Bt & = [= =" ]

g‘i'@ gVer (vohal  Wrrewt o A ok o @

e yter Sad MW-/(, /(;11_40{.

YURIND fJYezchcc ot
o\ ferral 1oy €l (H)

1c dereas ond vaw — Irtrmal.
Lol e cgrmon et b

| T o = 8mh (H—2H)) ke e
%}v«aﬁm@u alief S'Bbeals ¥ ule e

Chapter Videos

t.ly/sdalf




Superconductivity Page 6 of 23

Flux espudsion or Meitsnes et 1= piten o Bupercandantig yradt e
0 plaed in Lorgitudivat wogrebic {iodd (<He) annd Ao of yraterial
b abste Tc. Nsw the yrateviol & Corlad ot a fost vate 2 fhrat temp:
drhs hhotsw Te, Hamit < found thet Tl e cmee Rwper Covdutv]
ard Trograric 1A e ave pughed out of A rrodenal: Tinn preus

in ol Rk enpwsion sy Meitsmas effet . 3t
beksw I- 8 )

f/sso Rhawn dungramatid

Fask coolirg

(®=8o)

R %0 _
%‘hﬁf{m@ H<HCIT7 [

mMuktnall =N

e o Sy 4w Fhin obikr vl Aol ushemellev @ ynadtrial D
ecemnes Suber conduntur, Ak gimud danasusly beremss bermouawdnm-c.
LMoy cffed 0 Glgo calbad  Reofert gy et v s facandue
91 in Ly P oboove eXpeni wrordul odbey Uahion that wLw\.
Mol (Reamey @ \wpestardunster i« rndwkon ok plote {MA\'o‘tJt-
Hin obviows Hrot reditced mrogrobc tnduction ja epuat owd opppeh £o
Pl o ke Aedusion.

R Lt By - applied oyt srsution |

T = otic Arduation. (mogratisatio)

B = ‘)Wuuulw‘@a .

B = Net 'moawi'\'c 20dasdymn
By dors VedwA  B- Byt By —O .

Ao Errm e aperimetsl shies Yation %:o

2 O beumy o = &+ 8m

= ‘g?ﬂ < —'—E?b —® N ‘

$o94 we moaie Ry, thaw Sncreste
R it oo im crear On ofpsiek @ ag;,uu L
divetton & o thet _@_@"‘-’MN’ & .b“ ,

But we com s thhin ony u}ﬁbh}

B ' . Behuatn(@ Siduatin @)
aibicod @ Reyerd Aok matial | T o Hohe T<T,
Wil be wrre NeFMAL condattur € R=o R;#O
kel Lines WAl ogaia Bradt ey RNC =@
Horongl ool & modestos

Seo we com Ray ot we Com
w i Aeose A bes Eut d.«'o‘rr‘aﬂﬂ‘hx’”- expedt Bm Ao LOCseate only upbe
This & 8hmon d\)aﬁﬁw‘o&iﬂuﬁ’w‘ i’;‘z Levels of crhat Al . WhAs

' v Ud gud bwmwuﬂ“ﬂo‘*

/(f\cfwa 2 cn’b‘m@\f-&m Rwm Varnushes.




Superconductivity

Page 7 of 23

We Rvow thak A4 - " >_ KMW
Q)= ¢ 0‘-‘*9&1 4 Chapter Videos
" mP(‘( uvak Ve ) M=—-H —® d@

(rrogratisation Vesfo)
Lo = vograhic Ruacept bl
I = pevmrenbility of seehpace
- ‘ ‘AL rehs
re wogrie € )
We RnoV M:_}
fm = Mg’l
B = kH
pur Hwoe Vet N @

Yuation @ WW\&BNM cor be

wntfer ad M,—w,g:

S Thin whle olgervahon

— 5 Com be rcﬁmaa\w/m
M= — © the forem oy Apuce
(1& miL uauumm\nﬁ\f\w%mgm) af follews: -

- 8 qraph & plettd biwM4 H «--€9_ ., LD
Hhon A SRS be a ghrughd Line
VY 1hn d‘ma—mmm
Eto#:a % = 4 and trebme o
Wil make Qﬂ“gz— Hge wd both axes.

M(SB’?.OV?Y Hcom e u\cru/%edcmﬂ#
wphte He-

—
—

Supercanduatsh ave nen ohmic Condukmss- (8y uprg

hessrer B«&H Nmm @
We hyaro fem Max well % egmation C,,«o(»dw\/z@
TrE= —2 _ “?
St Pt 1
FEyom ohmls L Vertw fur m
WL
f = O‘E > U‘ w —
S uhpose Q¥ b2y 5hm Eﬂ}
Lo (&) - Bwt for &upestamobwturg| = E=83
Hg —§=0 But $<
Ror Wy =§ But 3 Eé)
wt-/n




Superconductivity Page 8 of 23

Txo= 28 opprste -
) %b; Tred in W 8 beemmes gem Anide Ec;apter\/ideos
°T 5t | wrekenial [ Auptr condatur A
9¢ e drtgretewtt B s v
Hom g’= coratt. Hence aukumpbion mnosle by U8

2. Wwhom ynoktnol b e o .
dondy rotic m‘a .
«g»\:\b P\;i::w«}a (o1 N m Hente 8upecpndrwhrd At ooy
x :
vComdmat &S shwg foan aand e oze
z\:{rfw}s/\ Qw\b'\—w'\*-
Holwe Ve ¥ olbgeriads on woda| NN

A eissner o & @ xatly

Povsigterd Capyemdss- m Whiry Fomdaﬂlx L8 o
& ;ggm e m frduckion.
detice The, cusvent produced 4n A2

Supey
(TQ'::;A"U Quptrcarolntry sing did rut
die owt evem fur O-YAT

~|m
== 9t was obscvved Fod CUYY 5 M~
\/ Conn Conbivume &o pass f’“mﬁl‘
f r@upercgrounu-ma w1y for i usords

or brocluc 2d Yeqrh b r9 owt-
s Gre= & 7 e bmWWe&dﬁ?iwf

. ' t : .
AN A g\"‘/ﬁ“MYa“ Ta Caytoa IMNMa &Ubeb’cﬂ‘d“mrﬂﬂ'a n
carlid Pereglent Cusremt”

Elen Hhn bhare mramen indical es Flux bevetratim: -
Ahok Suber cumdantud  clarot gt T/M\
cfloud ohm's Ao - _i"ﬁ‘g
Condrdwr T 742k
g o
~ Supwcmdﬁd’” T<49k
Whoneier & febbteme L R4 o Ao
dovynee ab Aupertgnotwr Q) @
9t Gl Meoan thot T >Tc —:<<THC
e fode popt H<H nse
T<Te b —ruiafx/eqifv'ﬂ 4l 4n o3 SC

I::(E_i‘:!tcc d-?.(‘f eadRd hedsw Tc «‘H\MA*f‘IQM Lires
o e rat QXIJQIMWI' % wofenal




Superconductivity

Thak 0 Hhoe Lney orbinume to TYbo-T amd Type -
Pas Hhough Hha eyl L gbe T Subucadyutes;
Thir Phovaommovan Cel o] N was predickdd from obgeryatin
U Elux hov\oia‘bf‘d‘/\)/ of Merser et Atnad W/x
Concustomt— Mogsrer offent O betwern MEH wits be 2

AN, T8 ¥ g ) ;

m\k~(7 PN hy ok buperiaobnthi . mdu Ane bwirg :('Amﬁ
_ i CoVgin, Ar-el Arin G

Thin &ilms of 8 ubes Condaturs dared . )

Ahsw  Meftorar epfed. “rtl eakend uwpho He
Howrves tuhw Arin fonf Wap
besry) Nerigred fvs dufftoemt
Tetenals, How Afuw kirds of
Narohor Yrephds bjo m £ H

Weve shfsed ah Shewon m figimen oetn i-
‘3] |é—@ —f-@....><.-—-®
N o, [ |
M Go i
S| Hc o i Ve _—-—ﬂlc
— WU —f—
Figue — 4 TYbe—IZrS\AﬁrMMV(
Type- L supeicenoatr Havd Super
y a4
Sot-t OSB?;W"’ (Hey «;rln:Hc)
Jduat Rupatmoludtar Real fuper ,

. w\*_‘w
Pyse Elemonts Mae Seroubhiets i M h{én ﬂ'rzl,la(

mﬂr\a Toktnaly (veAtly ehuments) 049&@ Mersgres e({af vy %fn‘c{’la
ool rou cmia ore csibhcel A, W o})kb’m{ £ J:uol- AnC s coded
boprd He, Haow  white o woderial Lxetes Lupts tomobuhivaty
oM of a Rusidlom- Thee maktwlals dve nst Gmanorcolly 4 mpafast
alfrih Ahae ave fdeal Ruporcorotudes ol oy Meits s Hfat
P festly

Huwever mary sther srodo jals (allog o ordads € nantaals)
obiy Matsrergypas andy upto carfuin fictel  He, (Calted trratntiog
i) Bogad He, Superconsenhvig Atk clereany &W%M
e dwh%afury\?wytmvdj‘“f« Hc@.CnJMwL ool
criti cal Giesof - [pm 00 He, maporid U bes gty Ruper Coroluttr”
Trm He) to Hea (cottnd yovter Rtade) ~vraboriel 4 Dﬁ'%@% ffrrﬁd/g@
Ry ed Hes Suptycamdudtiink {y Crpld aley dentrrgped .

Page 9 of 23

Chapter Videos

©




Superconductivity

Page 10 of 23

Londen. Squationss—

Tz No-of Hupercondarb
Thute ave gpations devedaled by Au

eledrms (12 elertmors Lukich

Chapter Videos
travel Hhnugh Lathie @);
by sthas s F. lordon 4 H.landon , v *‘?::U;z\‘:*t tm:r\'z any lligim )
helped to duvelap mathemahical ool

ffo enplairy
Cordarerd
ft = s of ar elerdin
- cdrar

-

—

o el

8 upe YWV\@WL-

g Certoun proberties of Super-

_ : v eluh\m}s . .z uh "’hw
F o= dngt uekou»ka o mas ¥ ac ‘i{(m;.\. 9‘41;5@
]'-_)'; up Tt 0(47‘5"‘?'

A = v of YW SeTmetr

9N @ NeYmMaAL Cd'(‘ou"“h/r/ eJest
vrave under Ae ot ot opplisd
Voltog Lo elesbric. ield) awdl
Hate dluhord 3 for vebstive
Horce becawtn of BN

( Nermdbom'® aAiW__)_,
= rm_is: -2 £+t F’h——@

For a dubey candukyr ?‘h)/:O

_-q
'TT\E?:—-QE

= 5= —-e’%

> @ e _g

m -
AN m.pan‘m‘{'m’ gt "‘“"‘18
Kn Givew \ey

P S—
- mMAe
- =T (or %;'S
mne
AN vedwr m —
T3 o

Negokive Bign radicades Shok
Uuvsemt szt & V= gy etm o
Qse oppmit - ¢
Ditferentiots Fuahin @ wi{- £
= dF _ _1 dT
Ak e Tt
-
< ne A&
Wt i =
Pk im @ . . E>
= —L 43 - T==
e Xt m
—
-~ |43, nfE -0
A m

Londum'4 25t 2N

> 2 (F+3)= ne* @«FE)
2 m

=
= e (28 )
=\ Sk

2. 2- 28
ve wXE = 22
( 2t
-

2 T neB b —
= KI+ =
A Z

ow:.wm’ra*‘«l b &
F,E,® weve gure
= x?)g?-’r M’ig}‘o@

Take wurt on both ks o MDD\  \ve algo Rruw ot

Lohare B 4 catiuel Vedws brtental

B IrA

Puxin(3) ,
S T NS TAR =0
- i D7 -
ne -0
o Ir{T+0< A
o ?*-"‘/_e,"ﬁ):o
m
= 25| —
m




Superconductivity Page 11 of 23

Theve v anethey abpoak Ao z - @
%‘mb’-lk\d Mm @. _Vaé-; + T_l_é_‘ﬁ“‘ B =0 Chapter Videos

Ne aeno Aot R l,olr:x;—ia or |gip = m,_?:m g e
B = ks (5) ‘fﬂ;‘-:,;

Z F= L (3xB) %pah'm@x}xaf.&ocawﬂf/imdm’é
Sereral euadion -
Putin (5 S Sianidicante op Im o [ |
L §@u@Bpr Az e=e |4 et -.—.' B %\—)
1[3"¢ mf‘/'t:%ﬁso Lendmiy Fat eguadhon 1y jz;n%%\E@

®F
(p\/

= F@8)-Y i
. Suppwe. & =0 (Mw#efc v N

° \!d—hﬁl&ouﬂe () Ce)&[/)d—{-e)y)
o K O pes Succgpul, im < plein Hhe
0\/:{3: ) PJ\WWY\ of bf‘*"’wJ
i M YoMS A Rup@
S T= comtort (el ‘5> ot ardraks Hot Qupur corolutil
£ =0

At 6603 chag Jow- (V=28

o" C)‘\"*w" wM%(ch )
9’:\, iU im0 fureReY or :;gE)

- wﬁ\j :) wi x& Signigrane of  [naos i<l

S owe \ =0, . )

i bpprend bRl ondine fo Wm“”‘mr 5.0

Wft'\m"d" Ut 'évre,\le- ?” .—:n/eﬂl-;]'>

; N (W .

5. Lendonls :f,,({os/«.;uo.havx s TV [ ratonk

Tk xﬁ}“\m "_""‘ k“”“ unit o 7 in m!(@3)
 Ldimh G0\ <o | UM ¥ HHSRO 6 Tt
oves Teplacemant of L URW ot RHs 8 olss
shwmis fami <o &WW4- be T i
9t Aells AFak w\wwkiws . S
A Ruperorcnfir Ao At etly e .tg )
octuhrod, 4o Nesdur Dofeutial | oM unit o7 o Y
(B ) dmokesd of elehrc ffelds | 0o we calk \2oos = x

Rt b W Canpidler egpoim@ e st Fawe unet oF
VA Yl_éél?——-@ u%{*ﬁbwbuw




Superconductivity

We knew 930 2'8° L 3B, 2%
0 57 5{5»

To home betts UrndusSiorobny
of. 09]~@ e orhidey ondy |-D

Ry »j@’___d&?
Vo= T = T

o
S DALY 1o R
s - LB
x> A

D

M Salay {orm

o N P
afx’b%’*B @
The setwbm 5 24-@ ©
—x

Bz B e »_—()

Page 12 of 23

Chapter Videos

Wkove R, = maﬁmm'c_x'w‘wf'm Ok

A<= 0O
vrag - [roluhim ok s e
AW puthen Auped Cordubve

R=

e L gy 15> A& (FRNRSO | Lgae compard o X €D

Ham

pe

Thin tals ot TR R

= o
' A R uper Cordunifurs L B haw
5y 6,2 e Lot ot &P
- B _ 8, R g aus fonliy e Yp WMesleg no—
—0 = . )
5 _g :ﬁﬁ op w<<x Az
=, Mogrokic Aottt W Y oo X xO
Qe. ‘e Quper corokbnt 7\ B 6€
¢ ANbI . @ VeX =
onhote AR Logth b Ve ” = B=8e
% Thin Supergrdunfrg will H e pwt X=A
R ks ‘t&u peratrathon e foom 2?‘@
Poradractun dopth s~ Yanahon g Bz B, ¢!
B Wit L o ab gnon = &

% fotleu
’[‘Bo
?

of — x

<. Dorstration oﬁpﬂ\ A That
Aichros ¢F attstal(SQ) whfo
WAreh  mrog refic A st (reap
Ao L gf Enetrax Vale
[/\/rfe, ez 7183 t)gf-’-o'S’g)
£ =31-8%




Superconductivity Page 13 of 23

ey Prtbanon  dupth of d Qupercordanhr duperds upm @

—

= natuve of Wodenal amd on Aumb ¢ waknal because of-

n - [ m Te—o ol &8 g SC
e R | YT

n ‘o' M= WX

A \ S = munimun

\ 's' : . -
* (o) \ Q5 T O )ncreatd Mo -7 SC &4

by € decreadirg o, ARt Mmredy,
A T=T¢ ,L=0

& A [QQAmMOO @
€lson Im T1yure

|
__r._9 Te
Tha evnpiv icad verodion ~for Norahan
o4 A wrt fompi Klyih
A(0) Ulhare A(0)= benetvatm

AT) = —*:’_L\ dbbff\atabémo““:r
‘I-@) ACT): Pershubi A

CS Tr o | wesule (n Lett of kinetre
5] Iheoyy enargy i £ farm o

P Actid is compsesed o= +Ve dovy | heat ib Hha case 0§

resistance .
and volance electrng mMmove ﬂ\mﬂl« An examble op elecknm

lotice in ¥adom manner (1€ Gere fraletling £hvowgl Latte ourdomy
B Mo corelation bekwen motton . L0
. ord loodiry uretic energy ok

of duffevent eleutsns). cach Collision itk Ve fong ave

Due 4o 4dis verson, ekectons Waskrg eTudgy ob haat 3hewn
collide wuith Llotice Long amok An 44g.1-
Inose Mty [Ruirebc enusgy m
e form of hoat -

Thub , ease calAIons b o
heatvora ol Lattice sond, Lwahich

(@ @:\ﬂ"@ m @

AN .
- (BTN befwan
N © ®4';®___®-——6—?”f eledwn owvd Lattie s
S .'::"—-’ @
§< ® @ @ ; 69. e et _yandom bath plaase vermumber thot
Tl oo ® @ U Lattice 4ans axe 7ot
g 0T ‘@‘;'—ele—d‘nm ""’“—‘WQCC‘;*O
H & ® ® . bound/ conmedt
LO A TVe s ea.th othey ﬂmru%& bond

Fig. L% Random mesbion memzw ;C:;:;i‘;M
ot am elackron :tfr\nuak o lathixe Gallsd ' cCohasive enua'd'.
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Huee SUendzks Bardeen, Covber amd Sdwréeffer va (957,

Thin Zhemy n cald BCS ;tN-ma.
intevarkion pekern eledwns ak very Lawk Lemberoture. Due to s

dhay demat Sujferany ollitim A Lathice Lons. Due to thin, Y istane
Delowaes 30w amvd Wnatevial beenyd s uper corolustor.”

St up oW tvy to undibterd BCS ey Cmczk;!\m!la@n gpali fotve

’N\wrmeﬁ-

The quarndum theory of &uber\M\lifa- Wos ivem Combinedly by

by 4o ot brashve
Accordirg to sk thamy | “supercandutivify. is Lt %

Chapter Videos

O]

@

Indesodion ) elesod dom  padrs codlzd Coober pedrs: The dwo eledvory in tly/sdalf
ealn topey paiv vneve Coharerddy ﬁ\ma& datiice An Swbl a Loy Hot

A% Shown m ﬁg.a,,

® ®
ﬁﬂro.lt\'ni-ni‘uamm
behw an dedansd @
Ih exdharge o -ttt
N\b\\n’\b( 'Lu.wv@'ﬂ\""

Lottee ui'oroion eNV3Y ) ®

.-

Covvicdey o eleden € mMoving stk momantum FT :lkm,ﬁl\ Latbrce @

%uﬂor\du'ar\d e, Wil be Cttl’a’&(td i’D(&JﬂTd . The ewtent, by whth
FVe lons will be ottveute] iowod eledam e, deperds on Cohasive
enesgy ot Lottt (svhadler Cohedive enagy Wil Yedult Am YN oTe
displace mswt o Aakdie Lons armd. \ite \eYR).

Due i displacemomt of dens, tve charge derstly wull sncveade
ound elednn e, ( Thm ancreassl chovgeel denkdy in Shawn by blue dakd 4m
G- 2)-

o8& ‘03 Chranee , ansther dochm ea,Wt.bbela 1o the davon e,

i) Due 4o condandakion of Lons avound @i, Sereening effut Wy Ancrede
betwen €, amd 3. Thot in 21 Wil loe dheoldad -(g;;m\ 1«)()u{b\'vc Caulemb be
ionkeraution. toe 25 OF we cn Sany Bok gepulsive Jvdesaukion bvtw?m e, ke
in the breence of comdertodion of AVe Lms Cincreaged ve Uhavie dersily) avourd
€| wilt be tuker ab Cempaved o Fepulsive intevartion uhen electyms move f;nd_a,

et €2, T )

mw-‘r%ah'ad‘a

Witk eledwm @, ®

by g Crdper

ol 9 F,ta,il Fox wadiom of Grvper pair betuten by eledry
o fethice aund moudng cohannﬂa kgt
Bugfer irg arny cetlisim.

Becowse o Coulamb Andescution, M labhte Low (+Ve%r Chaxged)
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U\) The eleckyonu €a il be oktvacked Fowaqyd elechwn e, dua @
$o incyeated +Ve chaxge d.qml-l‘a. avoundl b - The sewnd eledim €o prefers
20 pewoin AN FYLn of in(veased +ve chasfe duovily (whkich & created by
eledvon €y and hence g wilt follew €, oy e cem $oy ot tum elatrons
wall 8rari Wnouing ashnrmua tkm.g,\ lokkice. 9t oppears an i Huus eledheons
ae bonded. with eath other Al Pup haiy of eledwms, suhich oves Coherently
Hhoough Aoddsce i catlsd Caopey Pois™,

Since both eledtrwns in a cooper palyr are MoVING c.ohemﬂﬂﬂ_ -U\nu.?\

dhe loakhice, tavefvre thae elevtont donst ollide udkh Laktice Loms
avd ab a vesulk Tesiskance ey makeviel becmmus gevo amd b becsmes
Suber Londucksts This explains supts Londuubividy - .
Rence cowse ofg gubaawtwita_ oclordiry 4o BCS Hhaory 1
as toUsuwid o A the temp. in decvessed , +ve chavge densily starts Lncveassing
ayound. eveny feast wauwing electyon , due do whith other elethmn Lenuirg foom
obbotil divation 1y attweuted Fowgrd irst elactam. At Critivd (oy Lower

Fewb:) pthrakive inkerartion h suffitlent o —bsormi Vivdual borol betweey

Chapter Videos
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t.ly/sdalf

t.ly/nxhp

tuw eleths amd woper poairs ave dormed - The fuwo
elechory I eadh C«ﬂ‘b’be‘r paiv meve cehavontty :thm% the
lothce omd Mo cotdiMm *ked blage pehdeen eledbams owsal
lottiee Lovs- Due Fo this, rbidlime of matenal beinmes Zam
omd it bewsmes Aupercondustoy.’’

Movre discuwason on &uberamdw.hui%_

le We howe disumred eartiey ot metion of electimn An Llathce voud3d
AN dirblaewankt of lakiice Loy deward Ak , Unhidh Couges £ncgente
Ve chavge daveidi o However, elestm bedry Nery Light bar bicle maves
Very dobt ob ombpored £o ionw. So befrre Ha Lrstmt Hok disblages

WU blue dats An ghe digure drawn o7\ poge Hi1) « Because ot A

Lons stak meding dpward Hudr OFigiral pesibion. But thege Loflie fong
ove alvesdy bonded AO otk offor (Lonic or Gavalenk bmoU_s,) oo thaste

dons kvap elbn, dhe elethm cormes ouk o Ain vegion. ( Shown Shade

loo*f\.db bM Like spvirg. Thisn raswds An 3etling up o Jathce @
Vibsaond by the  election. In othes LoTdS , elpbisn. hod tembferred

4?1“ 'em% o Aattyce , wukich calged Lotfice Vibwzotins . Howevey, It
ik Light T, e latfice vibyoohin enasgy i also Puantiged amd

§mallist  poput ot Lattrce vibyadrm CNwrgy +n collud (,phonm?
Since Ladbee Vibyatims qre Capable of exertirg ynachqnical predve
30 exchange of ph oy, or lat K /

) A Vl:bfah'm ena?i ool Q((“a‘;”
-"
B €xcharge ot maemardum.

NouL dlL'ﬂ?.?\%r {]'OKMOT] (yk. Cbbbeb’ ]E)JJ'() o\ eledwre
Caupes Lncrede £ tie chame dersdy anol offer eleden wsil
be ctvouted doward [nyeaded +VQ dwogb dwwdal Tharysre,
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A M SN £ gy Kook Aivsk eledsn fas tvarsdber ed phunan
of Towertum o Letlie omd Geund cdadvm oy guirad i phenem
ov vomadum dmn Lathce . The phonum excharge betiseen Lt
electesnd LN Covber podr B shruwn d,;aﬁramar\'culg ad belrud:-

X

[~1g 3: Exchange o Phonm betwen £ua eledumss
dwitTy e foymation v covper Pl

JJuernﬁ Yosmuloion of Covuper pair ., The montemum o Hrst elubzm@
dlecreases frsm F? +o Z,’ = F?-z . The decreowed meamantum 3 i Ieanpfe yvedd
+o J.aib'ge h phorsns on e oty hamd, Mamentum o Secanal
Mn ANcrenses " dm E ko pgy =FZ7‘?' The adds £aoral mmw\fvm?
baiven by K lakhce 4o Secomd elechm in Ha furm of phonon. Thus phonm
exchange betuseen dun electmd tafus plase indireskly thvgh da lathee. 9t
3howld e noted thok in T absent of lddce , the fuww eleckvns camnet ol krack
eath other tum fes M Cavey pals -

e The bo}&ib‘wj& o atdsackion avd hemce Hsrmation of covher paly bq;('wWL
2w eledtsond s Mmove [ Hrese electwms ave oIy Luth ;\“J,;é Speads An.
cpbsstt  livedtns.Becawse if elokan € i fast thon it will caue lattice
distrtion ard produce condamnsed chagge conaition and %uich%« Cores out
ot Conndensed charge vegion . On te oter hard, die 4o Hui Lavge muss
@nd sloue 8 perd, the clisplased i3 (n the Conclersed Chasge densily

will ke mve kime +o  ~vestove Hhair oY Lginal boa{t Lons -
Hene vegim of imcremsed +Vve chasge dewily wasl ¥emain theve {or sowetime]
Dwe to thw geumd electam comary g opppacte duvedhim will evperience
wore oftvachve jndevacion fom §rst elextwn M Jothice as

Comprred o divet wepulsion betwen tuw eletwns (csulsmb yepulsim) amd
oVevalt inderachn bet(ueen g ehechomd vl be attsokVe « TRy Condition

1 fensible Yoy the tormation of cooper paly (as 3hown tn Fip 4@))
NtV chaje dansfy diverk

I ot%fwg&\:(_“ 4, by ddebun €3 e <——=>74w,w\7€;\,
e, & SR attraition. % ot
incredk T T ek vt b 3
e Raiye EE
e O >e @ gl e
PR T SN2 e & behuane, gy (beek) 2, At
by dedwme, Topulatin

Qq) F(a L'o. SMCM‘m an M\A

Whon these are mouirg (n @) ehpe8ile
direction (b} Rawvma disectiomn
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Rotever, it eleckms ave woving n Sawe duvedion, trom diret
sepulsien between eluhm-electrm and bebween  condensed harge
denstEres uailt be very lqrge, ah compaved Lo ndivert ottyaction _
bet ween d.ui?or\bi‘h‘rbugL the Lattice . Henee dymakiom of Cooper Paty]

bek ween  eledvond mowing An 8awe divedion in nat feogible .

Y. Concept of quotd parhide. | quasc pasiicle descnbes @ Process,
Whith treats elemantary excitabiony AN 8olids (Leke $pin wanes)
W pasiicles. In other cuovds , o disturbence 4N a wedlum, wuhich
Afets metlon of othe partides i callsd guas parkicle. The conceft
F Yuast pavtide b purely A guantum ynedhin cal cenebls Phoren
Whith » guamtum Mmechavucad OMAMa ot goum(/ Lattce VUibyakbons sn

am example of quas particle. A Covper poiy Lia JupRYcordickvCh dn odbo
X quss ParvtAcde-

Ko 2t Wh nowr with fome smbovtant Chavactenshics of Covper
baivh ¢ - .

(1) Two eledvond im wobes bos hawve Okbﬁwf Wmoﬂ’m
BP0 TReir Memeutn ave vefsesoted ab b 1 avd bl - Gt wogritusk
ot Thoiv mamewtn qe eqpal (18- py=by), tham (urrest desuty diue 4o
Hurk ooper posy i e ger | othrwuie (v b=k Pa), b ol Net
be 8eovv-

(1) The mows of capes paxs £ Zmy , whore 1¢ £ effedive
s ofy  eledam an te Lattice. -
(') Net chavge on cevpey baiy £n —aAE€ swhre e =[4 %o Tc
UV) Net abin ofy covper pais 50 +41 + (4¥) =0, whkih o am
P Therfgwe, a covper pair i1 a Bogon (1€ ik does 7t obiy
bradi’s Exclusion pyinceble).

V) When covber paix in s mad , Hon evwgy o the osder of— @
16TV — 163eV 1 pelated . Ths eneyy, wkich 4n veleased of A Hime
% bormation ofe covpey paiv in calld if bindirg eragpy AE . This bindirg
Enegy Corverponols to  tempercture Yarge |K ~ 10K ( This Cam be Venpreq
E’H bwfh'ra HHermon erugy RT egual to 16Tel and \63@:). Hence

Coober pairs ave formed (in nmuwst ofs elemomtas Auper corductons)
at very Low tempesadur? or we camn 8ay that Supermf\dzuﬁvig_
oo fow temp. phanomonum. TRe empirccal e mula {-wb«t'm(h?

enwTyyY of a u«]pex patv in gavem by -
“A_E/%m.a's.? k-rc.J (‘;C} \®

At @hoRolut, Zew (T=oK) birdirg enusgy of covper bajr becames
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o st ) —©

~23
an the above cupremions R= Betkgmann's corstank = [:3% %o T/k
ad T = Cyskicl demperatusl -

(V1) we Rnow Fhrot Jm anyg selid, subbtnnce, o'nh& thete eledvng toke part N
electvical conduation, Uahich Lie in Hre condmtion banale Thevefwse  condue g
electvons in a conductyr (catled Tormol electamd) or in @ Superconductor (cousd
Auporemductivg eletsns) odso busrg 4o corduction banol of the naterial, with
onby clifference that novmol elechont in o conductnr Suffer Cotlifions with
lathice fong omd loge eM2ay a8 heat (because Hhep eleckwms aye Movirg
Lodebevdartly in Ko Lathice, (ke elocksond im Superconducter donst Sulfey
Ang ellision Witk Ladkice ong (because these eledwmd maove Coherenddy 1
the Luattice in The €orm of Covpey paird: temce , umbom o natevial

becomas Supesconductor, then b8 conduction barol Aplts into tweo €3
Aub bands as shown £n Fij-5 belawu:-

N
T oE -
[ie] et

-

-~
o0 ™
A .

; %r;;ﬁ R 3,53”;1’—1___,__
T\AY\U‘J“‘ Te
Ve //////
(®)

(Wor wat Covolustn)

T 7 Tc

C)
Fig 5. @ Enugy band diggram of o Qelidd at T >Te
&) Qway banrd oLL'aamrn of a Reid af T<Tc ( S upes Canelwtvr)

We Rnow (accovdirg to BCS ﬂw)i‘f\o.t Lulun aterial becsyres @
Bupacornductir, thom Coxper pourd aqve formad anrel eragy & Telasea
Thas deul enesgy ir achally o bircling erergy of- Covdes pairs
and b i alfo Ahe Suporconcluctivg bard gap eressy AL between
Swerconducting o Yurmad bayls, The expvession fur AE iy given
by 29- ©® om Poge Sie 9t showld be Tusted Aot whee conducc b'm
band ApLts ento Aormal ol 6upex<—mo(u_cb'ra barol, thun, Lower
band iy gu,berc-cmo(um%ﬂ barol ( °* at T <Te )m,bercmduoh%g—
3Xakes felectns ave wnpre 2smble tham Nermag 8 doken / elehmg) owl
upher part of corduction bang Wil be nermal bard. Moreover,
at akselule gero of temp., all eleoms Lasth be Super Conduntirg,
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As the temperature of ynatevial £ L£N(readed, caoper/m’v!@
S4art preakirg (AE Stuvss ducveasirg) avel Some of the tuper-
Condihivg elerbuns beuame  Tuymad Conoluntirg elefivrd (e, fage
2gain b toret collidiry ik Lottice Lond). F,'mﬂ(y at tewp T >TY
all covper paurs are byvhen (AE beCares %) ol hanee all
eledwmd becrmre Moymal Conduwh g eledhmrs. 7 .

D iy

- . e
paivs ﬂ\‘o’buﬂ& Corkvibuhion of Conclensed charge qll,s‘\ S

clangcties has peen Tepoluced here. The CM:}M £, ¢§§~- SRO¥ ey
ON eleh s, concunsesl Chatges an~d the distimees oo l
betwern trose eletnms avel conelenged Charyes are Frgyca)

Shown Ln He +tgure.

The potentiat emurgy ot Ahin ystom due to elactric
Tores v givem oy followns o

U= L J(%8 + 3%, /%, 2, eg3; ey,
wne [\ e oy, ME R e Tagy

\:___/
;?:1;}: v ( U—f—)

Utratie te XM(U)L@
9t Shadd be neted Mot 2, ard 5 are Tegatiie (e =g =~
LW _ — : i

heve e - o6 X0 c’C) ) Wi %3) 2y 9ve posihve C/vayas-
Hence $ivat tuwo teymy 1 o uxchon (3) wild conbrbute Ve
potertial erersy (vepulsive Artevadtlen) ) wh Lo maxt dour

tevwy A Ain egmaton wuld  Condrihuts negative betential @
evely (andivet attvarhve interaiow). Nexk Lmpartant pornt
to vote awn ( the foet that Mgy e, ey ave fres| chinged
of eletnms ,  Luide FJ\Q’)’#{/) ?3, Q"I Increase. b Ahe tempesature
ot moatey cod i DQCB’ZMMCbCM HHege axe Conolensed C;\QU;@
WX)E,P:»SH-\'VL Petertial erersy tesm (Ui) & muten greader
Ww?};gw‘ve PAVTal eresyy term (Us) amol homce Aotat
CND’% Wil algo be +ve due #o  whith Covpes pour
<ormati;m Canrot fake plate. But 4 Lemp. of materyal 4n
dacveased, tham Value of Condensed Sagen (95,1,) Stkart

Chapter Videos
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ANreastry, while  €,eq beirg cdot sk chonges om W—‘Mm,
TeMAN hame. Hemce e valul of mwjahive potewhal enesgy Chapter videos
U stuyrss LNeasLrg onol Uy yemaing olmsst congtamt om
derensing ternpesature. 4 we condinue 4o olecrease Aempesatuse,,
o at  Sorre A beutrc temp. (Te), e Valugg of- U, amd
L bewme eal  omol mut et ;

| % U becnres 3em.
On. decveastrg gempesatuse furthos belsue To, (L beomes
greater tham U, onel oVesall  poterdHal erersy U becores
NEGuhVe y uhich means ot overall ottwachve gvdevatiog

befween o eledrng (thaugh Lattice v Corolonsed Chqa’q,e,&)
Wi be estublihawl , Leadiry o grmadion o Covper pourd and

hunce , materal becames o Kupes canalctn’s
Q/"i‘\) The eleetwons LN a Movmal Condutcksyr wove alnest iNil-Nﬂ“g
ot each other . Hence thery totat Ny 4 admest egual o Hee
dum ot Rinatic enwigied ot hoth elechmnd. 94 Rkinetic eIy of orne
eledtan in Lmu2, thow Fotol NGy of o bouy of 4uw amalspendantly

MOVITY elohont ill be
Fo= £miftfmet = mld ——(§)

t.ly/nxhp

But whon Covber pair i Hormed between Zuuw MW@” olecreadiry

Rempolakuve belsw T ), Ahen ptential energy U (which in negatvve)
Qats odded inko dhair hinetic eraygies and ol erevgy of covhey

pait willbe  E = EF.t0 -miiy —@

Smee pot. enaigy U n ru.&an‘vc, Y0 we can put U= —(U]
wheve Ul is le emd it vepresents Wagnitude of atbrutie poterdial
energy between elechmd because of intevadion /tt\m»gﬂ\ Latdrce 1 brathng:
Hence equation @ can be vewritlen as Gllowms:
Ec = mu®- (UI —©
The bindind evemy of Crper bads cam also be wridlen a3 cligfeverce
betweesn 3um of enaygies of tuw eledhms befove ond agfey the
dovmation ot Coper paiv. That in
AE = Ee — Ec¢

= [ag = Ml—@

Thus barding enespy of caper puiv 61 algo el 4o mogritude of prtandval

= mui(m u®— IUD

=
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enusgy of Anteration betwern eletmns avd conderded changes. (1)
(%) 9n ovder 1o bveak @ Covpev baix evedy egual #o of 1rave tham
bmima eneif} of Cevper pair (thiﬁ AE =|u[= 3:53 kT, l,_ ‘__I%C)}

M\;d\(/\aj&(}cﬁ“a,bge‘ duch |
1o e makeysal. " b Btdnt 8’4’) has 4o be Supplied

We Riww the Coopes paiv v eosily oywed between elechns vuuirg Luth
NOL Bbeads £ oppolik livehad (Ree psint Mo. 2 om joarl-n). But {ostest
moving eledms (n @ Candumtor ave theRe, whith Ll gy the {or m( levels

Thus mest 8 teble Ceopes bavs ave frrmed fruom elevtrns ™y Very clise do
$erme Lavel. kAt "

The fermi enemy of elechrd ™MOUITE m 3-D Bhale with Momentum

P giyem b 2
84 a EF - F
am*
Reve ™ iy effeive v of eletom i e Aadtice.
2 3 & a
But p = hy*_ h ,aT) - — @
b—) = * 2 (K k) @
Here + =_L\;r= 11054 X\6 21T8 4y Planckk veditced Conghamb and

Q
R= 31;. in Pbgahion congtarnit
However R i a vedwr Quambity. . ?= k,,f-l— kidn—(- ka,\;
Wene ¢ o d o g K
Pt 4 @), we et b %(Rf+k§+k§§ —@
T euatim (1) can be vewritten as
£ = A (Rt th)

Am¥*

o
LA AL (LS
R

Guaten () in the aqpadion of o Sphave in the Momutum % pgce
Afirad b‘d Mmarumtum  Cempsrerds  Rx, by ks arol yodiug of the

Spheve ,\]&TEF

Tepiesentad ;;_' Hao surfuce of o Sphere haing cender ok oNgn amd
sodivs [aw?Ee [k . This surfae o catbd Fermi Surfece. ab Ahown 4n
Fig- 6 bebsw;-

~ Thus Fermu eneryy Lvel U4 yewustum 3 bace
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N
k‘lt% 4 ‘b& /_Ista{to,kmmmlqu
S8
Ry = by N
—F BC% %10\11’\1}\%
kg= by N
— . YN.',}D\* &2
+® A fex
I\
353K ——> ey
sqe-tur’d*"’*‘ ' Superconduching band
s — T i and,
No¥

Fig6.:- Fevmi Ruvfpce, supercanductirg bamd- and. noymal band. of a gu,bezam(mtor

An womentun dpace

Sine e ovegin has coordunates Ry = k{f ka=o ) winich yneans
thok b RKh=o ok Ofigin amd P invearts quay fTIm oFLgin 40
AN divetion - Thas Marimum mamewtum wild be at the fermi
Sufete « The Low erergy ov Low mementum vegion (Bhovn A hadted,)
Oebed Br b Gltudion ot tilled erergy States wisk Covber poivs.
The surface of frlled enevgy 2fcded balow Ef iy called BCS grounal
dtake- Gt hos been observed that Bes Ground Stafe bies belpu

Er by om eruwmy difference of- Qﬁpmum:«u(a; RTp > wheve Tp 4
Calleel -'Desz-e tenlperature s whick & am fmpertard parawwter or

Lattice \ibyations.
Thas Toiut of BCS Wu’)’\a‘ Abobe & 2 “Iﬁ _ RTp
w

The BCS gwund Susfue vepresemts evol of- 8upwc,o—ndum‘wa bandl
dn dhe band disgram of Superconduder (See ﬁa.S(b))'

Siwilarky the norwal band i Wamatum Spate i albo Bpher(cal
an shabe. Thin bord skarts cboove Ep ok eNrgt gty ene appeximately
eqmal o RTp e exterus upto co travedffer (ﬁ\@oruh“(auﬁ/)- Thus
WG, UM Y adius of NoYral band in momemtum Apace £

~ S&m"‘ﬁ . .
NP A RTe amdl wamium vodius £r <0 .

Thus Ln terms of Tp, tha Miimun gap betwan nopmat barsl awsl
Suprreandivg band (wiNch in a0 the bindirg erergy of tesper bais) 4
given by A~ (Er thTp)- (Ee - RTD)
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oY AE kT _
But BE ir alfo givenby AE = 3.53RTe [1-T

Tc
[&kTD v 3-53RTc l(—;rj —
C

Hene Debye £emb. amal cvitical temp. awe oy yelated for
@ Bubacandutivg matenal . Therefwe, Lathice Vibratlons ploy Lrpostonk
vole i establithiny Supercandushuily. in o matenal ak low tump. T<TY
ab predicked fm poperty of 18okprc offet (See poge 6)
Thare ave two impestant geatuses of B (S fouro Axake:
(@) The everyy of BCS gwurd [mbe i Lywer thanm evaryy ot Ferme
Susfuce . Thut BCS Guund Stde £r muave Stuble Hham Formi 2dote -

Lb) The ore baikide dxotis ave occupied o paix%.in mepredum
Rpate ie. M a duh Wk wave vedw (ov buwboaatl'm Vedtor) ath
meum’E)M b wWp(M r occupid, than Sude Witk Mmomadum
K owd npin dawn (V) in alro occupied: Canversedy ) g atate oith
WonndU R ord S0 in embly ) Arem Rinh aith Umandum R owd
AP Y Wil alk be empdy.
Nete:- AN sbhoses 4n Frg 6 ave part of Conducti?n bard only-)
becawr R=o ak os (gin avd R>0 fur ald offnr  poinds A Momavdim)
3hae , Lukich wepresents Freely mawirg eledmmd only amd Sk eledfmns
eXt n conduchm baral (n the enesyy band. diggam -
(X) Coherence Lergth s Atter tha ormation of Casper pasy the #wo
electmns move coho_renhhd in the Lotkice updo cerkain distamee and

then Coer baix breaks. Tho electnns produced in thin manmer maka (69)
new Copes baisd with 0thes eladend amd. ogain meve Ceherertly upto
Cevdmin diskmee anmd them ogain bseap up amd Hhe proces corinuas -

“The avevage o Meam distince tvoveded by a cevpey pasy ehudons
Cohevently jm Hh Lathice ton forwotton b destywetion of oy
baiv i callsd Coharence Lorgth’ Tha exprotsion 4o Coherence am«?H»(go)
ak abivlle gur of temp. sr given ad fellsws:

B, = flE \_@ Whoe fp = vebclfof clutors on Fermi Sufacey

ES ——“mt

Thue BCS M\a hat helped ko wsr to wnderstwnd many
bropesties of &u{auand.utz.‘vig, LN Coneptwnt Mammer-

—R ——X—— X




